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Abstract
Background: Lower socioeconomic status has been linked to long-term stress, which can manifest in individuals as
physiological stress. The aim was to explore the relationship between low socioeconomic status and physiological
stress in Aboriginal and Torres Strait Islander Australians.
Methods: Using data from the eGFR Study (a cross-sectional study of 634 Indigenous Australians in urban and remote
areas of northern and central Australia), we examined associations between resting heart rate and demographic,
socioeconomic, and biomedical factors. An elevated resting heart rate has been proposed as a measure of sustained
stress activation and was used as a marker of physiological stress. Relationships were assessed between heart rate and
the above variables using univariate and multiple regression analyses.
Results: We reported a mean resting heart rate of 74 beats/min in the cohort (mean age 45 years). On multiple
regression analysis, higher heart rate was found to be independently associated with Aboriginal ethnicity, being a
current smoker, having only primary level schooling, higher HbA1c and higher diastolic blood pressure (model R2 0.25).
Conclusions: Elevated resting heart rate was associated with lower socioeconomic status and poorer health
profile in Aboriginal and Torres Strait Islander Australians. Higher resting heart rate may be an indicator of stress
and disadvantage in this population at high risk of chronic diseases.
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Background
It is well established that Indigenous Australians are one
of the most disadvantaged groups in Australia [1, 2].
The most recent estimates of the gap in life expectancy
between Indigenous and non-Indigenous Australians are
twelve and ten years for men and women respectively
[1]. Disadvantage is evident across the full range of
socioeconomic indicators including educational attain-
ment, employment, income and house crowding [1]. In
addition, almost one half of Indigenous Australians have
a disability or long-term health condition that affects
their health and general well-being [1].
Poor health is strongly associated with low socioeco-
nomic status (SES). Individuals of low socioeconomic
status experience poorer living conditions and reduced
access to resources and services [3]. Disadvantage can
cause long-term or chronic stress [4]. Continuing anx-
iety relating to low income, insecurity of employment or
housing tenure, social isolation and lack of control over
one’s working environment and home life, cause chronic
stress and powerfully affect health [5]. It has been sug-
gested that a greater number of stressors leads to the
expectation of negative outcomes, which may contribute
to hopelessness, an inability to cope, and increased vul-
nerability to future stressors [3, 6]. As a result, low SES
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can act as and be considered a composite marker of
chronic psychological stress [7].
The body reacts to stressful stimuli by activating its
physiological systems that serve to adapt to imminent
challenges and maintain homeostasis. However, sustained
or repeated exposure to stress, recurrent physiological and
dysregulated adaptive responses can be harmful, resulting
in a biological “wear and tear,” which has been referred to
as allostatic load [8]. While multiple systems are affected,
the cardiovascular system is one of the most susceptible
[9, 10]. The sympathetic nervous system (SNS), hypothal-
amic pituitary adrenal (HPA) axis, and renin-angiotensin
system release stress hormones in response to stressful
stimuli, many of which can induce heightened cardiovas-
cular reactivity. An elevated resting heart rate has been
proposed as one indicator of sustained stress activation
[11, 12]. Resting heart rate has been shown to be corre-
lated with heart rate variability, another marker for sym-
pathetic innervation that has been linked with chronic
stressors [13]. Increased levels of worry, which has been
used in previous studies to represent continuous stress,
have been associated with an elevated resting heart rate
[14]. In addition, studies measuring change in allostatic
load over time have included a high resting heart rate as a
component [15, 16].
In the context of the relationship between physiological
stress, socioeconomic status, and health, our aim was to
explore associations between resting heart rate (a param-
eter that is routinely measured in clinical practice) and
demographic, biomedical and socioeconomic factors. We
examined these associations in a cross-sectional cohort of
634 Indigenous Australians from urban and remote
regions of northern and central Australia. Our hypothesis
was that Indigenous Australians would demonstrate asso-
ciations between markers of disadvantage and physio-
logical markers of stress, as measured by resting heart
rate, independent of biological markers of cardiovascular
risk.
Methods
Data was collected as part of the baseline phase of the
eGFR Study: Accurate Assessment of Kidney Function
in Indigenous Australians, which was conducted from
2007 to 2011 [17].
Participant characteristics and recruitment
655 Indigenous participants were recruited from 4 geo-
graphical regions in Australia: Top End, Central Australia,
Western Australia (Gold Fields and Kimberley regions),
and Far North Queensland (Cairns and Torres Strait). All
participants were aged 16 years and above. As per the def-
inition used by the Australian National Census, partici-
pants were: (i) of Aboriginal and/or Torres Strait Islander
descent, (ii) self-identified as Aboriginal and/or Torres
Strait Islander, and (iii) accepted as such by the commu-
nity in which they lived. Participants were recruited across
five strata of health, based on eGFR and co-existing health
conditions (diabetes, hypertension, chronic kidney disease,
albuminuria). Individuals who were on dialysis, with rap-
idly changing kidney function, pregnant or breastfeeding,
or with an allergy to iodine-based contrast media were
excluded from the study. Informed consent was provided
via a face-to-face discussion, with an interpreter available
if required, and obtained using the NHMRC Guidelines
for Ethical Conduct in Aboriginal and Torres Strait
Islander Health Research [17]. Participants were recruited
through participating primary health care services or hos-
pital outpatient/outreach clinics, as well as through com-
munity networks, word-of-mouth and self-referral.
Of the 655 participants recruited to the study, 634 par-
ticipants were included in the analysis as they had data
for at least two heart rate measurements.
Assessment of reference GFR and other clinical measures
Methods have been previously described in detail [17]. In
brief, blood and urine samples were sent to local path-
ology laboratories to determine urine albumin-creatinine
ratio (ACR) and HbA1c. Reference glomerular filtration
rate (mGFR) was determined by injecting non-isotopic
iohexol into an antecubital vein and measuring the renal
clearance of iohexol over four hours [18]. Microalbumi-
nuria was defined as urine ACR ≥2.5 and ≤ 25 mg/mmol
in men and ≥3.5 and ≤ 25 mg/mmol in women. Macroal-
buminuria was defined as ACR > 25 mg/mmol [19].
Blood pressure and resting heart rate were obtained
after the participant had been resting for at least 5 min
in a clinic setting. Resting heart rate is sensitive to meas-
urement conditions [20]. As such, we obtained three
resting measurements spaced 2 min apart in the same
environment. These measurements were taken using a
Welch Allyn blood pressure machine. Measurements
taken by automated blood pressure machines have been
found to correlate with manual readings [21].
The social history questionnaire included information
on:
(1)Demographic variables: age, gender, ethnicity, ethnic
admixture, region participant identifies as coming
from, primary language spoken at home, time in
current location, number of times moved in the last
5 years, number of bedrooms in the house, total
number of occupants in the house usually, and last
night, and number of those aged ≤ 15 years;
(2) socioeconomic characteristics: housing tenure,
landlord type if renting, highest level of school
completed, highest qualification, employment status,
ever worked, main income source, gross household
income;
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Ethnic admixture was defined as the number of
Indigenous grandparents the participant reported hav-
ing. Equivalised income, which accounts for economies
of scale in a household, was calculated by dividing the
midpoint of each income category by the weighted sum
of household members. The weighted sum was calcu-
lated as per a modified Organisation for Economic Co-
operation and Development (OECD) scale, in which the
first adult aged 15 years and above is weighted as 1,
every other adult as 0.5, and every child as 0.3 [22]. The
number of occupants per bedroom was calculated by
dividing the number of occupants usually in the house-
hold by number of bedrooms in the house.
Statistical analysis
Stata version 12 (Stata Corporation, College Station, TX)
was used for all analysis. Data are presented as mean
(standard deviation), number (frequency) and median
(range). Variables were assessed for normal distribution
and log transformed when required; only urine ACR was
log transformed. The biomedical, social and socioeco-
nomic variables noted above were compared with the
outcome variable (mean resting heart rate) in simple and
multiple regression models. The outcome variable was
represented as a continuous variable. For predictor vari-
ables with more than two categories, the reference group
was set to the largest participant number for the social
variables and the highest SES for the socioeconomic
variables.
Multiple linear regression analysis was performed to
determine independent relationships between biomed-
ical, social and socioeconomic variables and the
dependent variable resting heart rate. Covariates in-
cluded in this analysis consisted of all variables with a
significant bivariate correlation with heart rate (p ≤ 0.05).
The following variables were excluded from the final
model due to correlations with other independent vari-
ables: number of bedrooms, landlord type and time in
current location. “Not reported” categories were in-
cluded for highest qualification, employment and equiva-
lised income variables due to the high numbers of
participants for whom data was not reported. There
were no significant interactions between age or gender
and variables in the multiple regression analysis.
Ethics approval
The eGFR study received approval from the joint
Human Research Ethics Committee of Menzies School of
Health Research and the Northern Territory Department
of Health and Community Services. The Aboriginal sub-
committee, which has absolute right of veto, and the main
committee considered and approved the study. The study
was also approved by: Central Australian Human Research
Ethics Committee, Western Australia Aboriginal Health
Information and Ethics Committee, Royal Perth Hospital
Ethics Committee and Cairns and Hinterland Health
Services District Human Research Ethics Committee.
Results
Participant characteristics (n = 634) are presented in
Table 1. Torres Strait Islander participants represented a
substantial proportion (19.9 %) of the participants com-
pared to the nationwide Torres Strait Islander proportion
(6 %) [1]. Almost half of the participants (48.3 %) came
from the Northern Territory (NT), with roughly equal
representation from the Top End (25.3 %) and Central
Australian (23 %) regions of the NT. The majority of par-
ticipants reported four Indigenous grandparents. Most
participants had completed Year 10 or higher in school,
rented their home, hadn’t moved in the last five years, and
received their income as salary or wages. The mean rest-
ing heart rate was 74 beats per minute (bpm).
Results of bivariate correlations with heart rate are
presented in the Additional file 1: Table S1. Aboriginal
ethnicity, current smoking and housing tenure of renting
were all associated with a higher heart rate. In addition,
moving more than six times in the last five years and
having no post-school qualification and an equivalised
income of $200 to 499 each week were all significantly
associated with a higher resting heart rate. A gradient of
resting heart rate was observed for level of schooling
completed, and employment status. Among the biomed-
ical variables, HbA1c, urine ACR, mGFR and diastolic
BP were significantly correlated with heart rate on
bivariate analysis. There were no significant bivariate
associations for the following variables with heart rate:
usual number of household occupants, number of house-
hold occupants aged under 15 years, number of occupants
per bedroom.
On multiple regression analysis (Table 2), the following
variables explained approximately one quarter of the vari-
ance (R2 = 0.252) in heart rate: female gender; current
smoker; having a schooling level below Year 10; HbA1c,
diastolic BP, mGFR (mGFR 60-90mls/min/1.73 m2); and
Torres Strait Islander participant (lower heart rate than
Aboriginal participants). Diastolic BP was included, as
opposed to systolic BP, because diastolic BP demonstrated
a stronger association on univariate analysis. Results were
unchanged after the exclusion of 36 participants currently
treated with beta blockers.
Discussion
We examined associations between heart rate and
demographic, socioeconomic and biomedical factors in a
cross-sectional cohort of Indigenous Australians, a
population with lower SES than the general Australian
population. The following were independently associated
with heart rate: HbA1c, diastolic BP, Aboriginal (rather
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than Torres Strait Islander) ethnicity, being a current
smoker, and having only primary level schooling.
The reported mean heart rate of 74 bpm is consistent
with previously reported heart rates for Indigenous
Australians, which range from 72 to 77 bpm [23, 24].
However, the mean heart rate in the current study is
Table 1 Participant Characteristics (n = 634)
Demographic, biomedical characteristics
Data presented as mean ± SD
Age (yr) 45 ± 15
Gender Female 397
Ethnicity Aboriginal 454




Region From Top End – NT 147 (25)


















Heart Rate (beats per min) 74 ± 13
HbA1c (%) 6.7 ± 2
BMI (kg/m2) 29.9 ± 7.2
Waist (cm) 100 ± 16
Systolic BP (mmHg) 118 ± 18
Diastolic BP (mmHg) 74 ± 10












Data presented as n (%)
or median (range)
Times Moved in Last Five Years 0 311 (51.7)
1–5 263 (43.8)
6+ 27 (4.5)
Time in Current Location (years) 5 (0–50)
Usual Number of Occupants 4 (0–33)
Number of Occupants





Table 1 Participant Characteristics (n = 634) (Continued)





Housing Tenure Own/Being Purchased 90 (14.4)











Not applicable 124 (20.1)
Highest Level of School Completed Primary school or
never went
83 (13.4)
Year 7–9 142 (22.9)
Year 10 or equivalent 249 (40.2)
Year 12 or equivalent 146 (23.5)









Not Reported 16 (2.5)





and has never worked
30 (4.7)
Not Reported 52 (8.2)
Main Income Source Salary/wages 334 (57.4)
Other 248 (42.6)
Equivalised income (per week) $1–199 66 (10.4)
$200–499 182 (28.7)
$500+ 122 (19.2)
Not Reported 264 (41.6)
aData presented as median (IQR – interquartile range)
Due to missing data, n varied for the following: n = 625, smoker; n = 610,
HbA1c, waist; n = 633, BMI; n = 589, mGFR; n = 599, albuminuria
Microalbuminuria was defined as urine ACR ≥2.5 and ≤ 25 mg/mmol in men
and ≥3.5 and ≤ 25 mg/mmol in women; macroalbuminuria defined
as ACR > 25 mg/mmol
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higher compared to the reported heart rates of non-
Indigenous Australians and Caucasians. Heart rates
range from 60 to 65 bpm for healthy patients [25, 26]
and 66 to 74 bpm for those with a variety of health
conditions, including end-stage renal disease and cor-
onary artery disease [24, 27]. There is increasing evi-
dence that cardiovascular risk increases with resting
heart rates greater than 60 bpm, after controlling for
beta blockers and medication use [28, 29].
The observed associations between resting heart rate
and several demographic, socioeconomic, and biomed-
ical factors explained 25 % of the variance in heart rate
on multiple regression analysis. Out of the biomedical
factors noted to be independently associated with heart
rate (HbA1c, diastolic BP, mGFR), higher blood pressure
has consistently been reported to occur with an
increased heart rate. These findings occurred in labora-
tory settings with simulated social stressors or were
Table 2 Multivariate regression model: associations between resting heart rate and demographic, socioeconomic, and biomedical
variables (n = 516, R2 = 0.252)
β Coefficient [95 % CI] P value
Gender Female 2.43 [0.37, 4.48] 0.021
Age −0.14 [−0.24, −0.05] 0.004
Ethnicity Aboriginal - - - -
Torres Strait Islander −6.4 [−9.17, −3.62] <0.001
Both Aboriginal and Torres Strait Islander −2.43 [−5.93, 1.07] 0.173
Smoking Status Current Smoker 3.48 [1.29, 5.67] 0.002
Times Moved in Last Five Years 0 - - - -
1–5 −1.09 [−3.23, 1.04] 0.314
6+ 2.11 [−3.04, 7.26] 0.421
Housing Tenure Own or being purchased - - - -
Rent or other tenure 1.22 [−1.90, 4.34] 0.443
Highest Year of School Completed Primary school or never went 7.57 [3.31, 11.84] 0.001
Year 7–9 4.01 [0.66, 7.36] 0.019
Year 10 or equivalent 2.23 [−0.52, 4.98] 0.111
Year 12 or equivalent - - - -
Highest Qualification No post-school qualification 1.35 [−3.00, 5.71] 0.542
Trade/certificate/apprentice 1.30 [−3.22, 5.83] 0.572
University degree or higher - - - -
Not Reported −3.50 [−15.68, 8.68] 0.572
Equivalised Income $1–199 −0.88 [−5.04, 3.28] 0.678
$200–499 −0.23 [−3.42, 2.95] 0.886
$500+ - - - -
Not Reported −0.57 [−3.68, 2.55] 0.721
Employment Fully Employed - - - -
Not fully employed and has worked −0.34 [−2.82, 2.15] 0.790
Not fully employed and has never worked 1.21 [−4.10, 6.52] 0.654
Not Reported −3.49 [−7.97, 1.00] 0.127
HbA1c (%) 1.23 [0.60, 1.86] <0.001
Diastolic BP (mmHg) 0.27 [0.17, 0.37] <0.001
Urine ACR (mg/mmol) 0.20 [−0.40, 0.80] 0.515
mGFR (mls/min/1.73 m2) >90 - - - -
60–89 −3.12 [−5.95, −0.29] 0.031
30–59 0.46 [−3.85, 4.77] 0.834
<30 −2.39 [−8.28, 3.50] 0.426
RMSE = 11.282, Prob > F = 0. P values were bolded if they were statistically significant (p < 0.05)
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correlated with stressful work conditions [30–32]. How-
ever, there have been inconsistencies in the literature as
to whether both or only one of systolic and diastolic
blood pressures are associated. We observed an associ-
ation between diastolic blood pressure and heart rate,
which is consistent with previous study findings linking
cardiovascular reactivity to social stressors [10, 11]. Our
findings indicate an association between increased heart
rate and being a current smoker, consistent with a previ-
ous report that linked heart rate variability with smoking
status [33].
There are limited available data on the relationship
between high resting heart rate with HbA1c and GFR. In
particular, the observed relationship between heart rate
and a GFR between 60 and 90 mls/min/1.73 m2 could
not be explained adequately. The relationship is unlikely
to have resulted from beta blocker medication, as sensi-
tivity analysis performed excluding participants taking
beta blockers did not alter the results. It is possible that
those with a GFR between 60 and 90 mls/min/1.73 m2 have
fewer cardiometabolic risks, while those with higher GFR
values may be obese and exhibit renal hyperfiltration. How-
ever, it has been noted that a unified physiological response
occurs among cardiovascular, immune and endocrine sys-
tems in response to stressors [32] and heart rate recovery
has been associated with metabolic factors [34, 35].
In addition to the biomedical factors, our findings indi-
cated that Aboriginal ethnicity was associated with an in-
creased heart rate compared to Torres Strait Islander
participants. However, it must be stressed that socioeco-
nomic factors could account for the difference. Because
Torres Strait Islander participants were primarily screened
at the main economic centre in the Torres Strait, the
cohort contained Torres Strait Islander participants with
higher socioeconomic status. On the other hand, Aboriginal
participants were from diverse remote and urban areas. In
the entire cohort, we observed that heart rate was associ-
ated on bivariate analysis with housing tenure, schooling
and qualifications, employment status and equivalised in-
come; however, only schooling remained independently
associated with heart rate on multivariate analysis. Indi-
vidual income and education have been previously identi-
fied as one predictor of heart rate in adolescents in the
United States [36]. An elevated resting heart rate has been
observed with greater disadvantage, as measured by edu-
cation level, employment, home ownership, and the ability
to take holidays [37, 38].
It is possible that associations between lower socioeco-
nomic status and heart rate result from higher level of
stress. Low income and education levels can cause disad-
vantaged individuals to live in chronically stressful envi-
ronments, with financial insecurity, negative life events,
and emotional and cognitive factors as contributing fac-
tors [3, 4]. Previous hypotheses have stated that exposure
to stress from low SES results in altered physiological
responses, especially with regard to immune, neuroendo-
crine and cardiovascular functioning [39–41]. Not all
measures of altered physiological responses were mea-
sured in the current study.
Considering the potential relationship between low
SES and stress, the current study findings indicate that
an elevated resting heart rate in Indigenous Australians
could be related to stress resulting from low socioeco-
nomic status. The clinical impact of these findings is
that clinicians could view resting heart rate as not only a
cardiovascular risk factor but also as a possible indicator
of stress and disadvantage. Social disadvantage has been
identified as one chronic stressor in Aboriginal commu-
nities, and their marginalization has been linked with ill
health [42, 43]. The cumulative stress burden, in
addition to low socioeconomic status, has also been
reported to be associated with depression in Central
Australian men [44]. The current study accounted for
some of the components contributing to social disadvan-
tage in Indigenous communities, such as housing tenure,
education level, employment status, and income. Over-
crowded, unstable and poor housing conditions not only
impact the mental and physical health of its occupants
but also create an unfavourable environment for chil-
dren to grow up in. Children’s school performance can
be negatively affected, which in turn influences their
ability to obtain secure and skilled employment in the
future. However, the factors affecting socioeconomic
status are complex and interconnected. Reduced life
expectancy, health outcomes, educational attainment,
and employment opportunities can be affected by other
circumstances, such as alcohol abuse, violence, or lack
of adequate infrastructure within the community [45].
The current study includes the following limitations.
Causality between stress and the previously discussed
demographic, socioeconomic, and biomedical factors
cannot be inferred because of the cross-sectional nature
of the current study. In addition, while having a com-
parison group would have improved the interpretation
of these findings, it was not practical in the current
study. Furthermore, stress was not directly measured, as
stress is a complex variable influenced by multiple inter-
acting factors such as depression, anxiety, personality
characteristics, and social support. It has been suggested
that social participation and autonomy be used to meas-
ure stress [5]. However, because people interpret and
react to stressful events differently, it can be advanta-
geous to use physiological stress measurements. The
analysis featured resting heart rate, which acts as a pos-
sible marker of an activated hypothalamic pituitary ad-
renal axis and an increased sympathetic nervous system.
But resting heart rate is only one measurement of
physiological stress and is commonly associated with
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experimental stress and psychological trauma [46]. In
addition, the standard method for heart rate measure-
ment is by electrocardiogram (ECG). It was not feasible
to assess both heart rate variability and resting heart rate
in the current study and we chose to assess resting heart
rate as it is a routine clinical measurement. Finally, par-
ticipants of the current study were volunteers from urban
and remote areas in Northern Territory, Western
Australia and Queensland, Australia. Participants are not
representative of the source population or Indigenous
Australians generally as participants were recruited based
on specific strata related to kidney health. Nonetheless,
our study included a vast geographical area in Australia
and featured a large number of participants (n = 634) with
a range of health and chronic diseases status.
Conclusions
In conclusion, we report that an elevated resting heart
rate was associated with demographic, socioeconomic
and biomedical characteristics in Indigenous Australians.
We postulate that stress arising from lower socioeco-
nomic status could be a key contributor to the elevated
heart rate. However, because our cohort was preselected
based on renal function, our findings may not be applic-
able to the broader population. To further examine the
relationship between stress and disadvantage in Indigen-
ous Australians and the impact of chronic stress on
health outcomes, we suggest a longitudinal study with
detailed measurement of stress at baseline. Since stress
is a complex variable that can be difficult to define and
measure, it may be useful to include both qualitative and
quantitative measurements of stress.
Additional file
Additional file 1: Table S1. Univariate regression analysis of resting
heart rate. Data are beta coefficient and 95 % confidence intervals.
(DOCX 22 kb)
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
The idea for the manuscript arose from a discussion between AZ, LMB, and
KO. JT, AB, PL, AC, WH, KO, and LMB conceived of the study design. AZ and
LMB drafted the manuscript and performed the statistical analysis. AZ, JT, KO,
and LMB participated in interpretation of results. All authors revised and
approved the final version for publication.
Acknowledgements
Thanks to participants, study staff and investigators of the eGFR Study.
Thanks to Roche Diagnostics for supplying the enzymatic creatinine reagent
kits and Melbourne Pathology, Australia for the technical support for the
analysis of enzymatic creatinine. The eGFR Study was funded by the National
Health and Medical Research Council of Australia (NHMRC, Project Grant
#545202). The views expressed are those of the authors and do not reflect
the views of NHMRC. Additional support was obtained from Kidney Health
Australia, NHMRC #320860, the Colonial Foundation, Diabetes Australia
Research Trust, Rebecca L Cooper Foundation and SeaSwift, Thursday Island.
AZ received a Hart Fellowship from Duke University. LMB is supported by an
Australian NHMRC Early Career Fellowship in Aboriginal and Torres Strait
Islander Health Research (#605837) and NHMRC Practitioner Fellowship
(#1078477). JH is supported by NHMRC Scholarship #490348, NHMRC Early
Career Fellowship #1092576, Rio Tinto Aboriginal Fund and the Centre of
Clinical Research Excellence in Clinical Science of Diabetes, University of
Melbourne. AB is supported by a Viertel Senior Medical Research Fellowship.
PL is supported by NHMRC Scholarship #1038529. Cass holds a NHMRC
Principal Research Fellowship #1027204, and Hoy holds an NHMRC Australia
Fellowship #511081. Funding bodies had no role in the study design, in the
collection, analysis or interpretation of data, in the writing of the manuscript
or the decision to submit the manuscript for publication.
eGFR Study Investigators: L Maple-Brown, P Lawton, W Hoy, A Cass, G Jerums, R
MacIsaac, L Ward, M Thomas, K O’Dea, J Hughes, A Sinha, R MacDermott, G
Jones, A Ellis, LS Piers, K Warr, A Brown, S Cherian, W Majoni.
Author details
1Menzies School of Health Research, Charles Darwin University, Darwin,
Australia. 2School of Medicine, University of Maryland, Baltimore, USA.
3Division of Medicine, Royal Darwin Hospital, Darwin, Australia. 4South
Australian Health and Medical Research Institute, Adelaide, Australia. 5School
of Population Health, University of South Australia, Adelaide, Australia.
6Centre for Chronic Disease, The University of Queensland, Brisbane,
Australia.
Received: 17 December 2014 Accepted: 4 February 2016
References
1. Australian Bureau of Statistics. The Health and Welfare of Australia’s
Aboriginal and Torres Strait Islander Peoples, Oct 2010. Canberra; 2012.
Available from: http://www.abs.gov.au/AUSSTATS/abs@.nsf/lookup/4704.
0Main+Features1Oct+2010. Accessed 15 Apr 2013.
2. SCRGSP (Steering Committee for the Review of Government Service
Provision). Overcoming Indigenous Disadvantage: Key Indicators 2014.
Canberra: Productivity Commission; 2014.
3. Gallo LC, Matthews KA. Understanding the association between
socioeconomic status and physical health: Do negative emotions play a role?
Psychol Bull. 2003;129(1):10–51.
4. Lantz PM, House JS, Mero RP, Williams DR. Stress, life events, and
socioeconomic disparities in health: results from the Americans’ Changing
Lives Study. J Health Soc Behav. 2005;46(3):274–88.
5. Marmot MG. Status syndrome: a challenge to medicine. JAMA.
2006;295(11):1304–7.
6. Kristenson M, Eriksen HR, Sluiter JK, Starke D, Ursin H. Psychobiological
mechanisms of socioeconomic differences in health. Soc Sci Med.
2004;58(8):1511–22.
7. Baum A, Garofalo JP, Yali AM. Socioeconomic status and chronic stress:
does stress account for SES effects on health? Ann N Y Acad Sci.
1999;896(1):131–44.
8. McEwen BS. Stress, adaptation, and disease: allostasis and allostatic load.
Ann N Y Acad Sci. 1998;840(1):33–44.
9. Melin B, Lundberg U, Söderlund J, Granqvist M. Psychological and
physiological stress reactions of male and female assembly workers: a
comparison between two different forms of work organization. J Organ
Behav. 1999;20(1):47–61.
10. Lepore S, Revenson T, Weinberger SL, Weston P, Frisina PG, Robertson R,
et al. Effects of social stressors on cardiovascular reactivity in black and
white women. Ann Behav Med. 2006;31(2):120–7.
11. Steptoe A. Stress, social support and cardiovascular activity over the
working day. Int J Psychophysiol. 2000;37(3):299–308.
12. De Vente W, Olff M, Van Amsterdam JGC, Kamphuis J, Emmelkamp P.
Physiological differences between burnout patients and healthy controls:
blood pressure, heart rate, and cortisol responses. Occup Environ Med.
2003;60 Suppl 1:i54–61.
13. Hart J. Association between heart rate variability and manual pulse rate.
J Can Chiropr Assoc. 2013;57(3):243.
14. Pieper S, Brosschot JF, van der Leeden R, Thayer JF. Cardiac effects of
momentary assessed worry episodes and stressful events. Psychosom Med.
2007;69(9):901–9.
Zhang et al. BMC Cardiovascular Disorders  (2016) 16:36 Page 7 of 8
15. King KE, Morenoff JD, House JS. Neighborhood context and social disparities in
cumulative biological risk factors. Psychosom Med. 2011;73(7):572.
16. Gruenewald TL, Karlamangla AS, Hu P, Stein-Markin S, Crandall C, Koretz B,
et al. History of socioeconomic disadvantage and allostatic load in later life.
Soc Sci Med. 2012;74(1):75–83.
17. Maple-Brown LJ, Lawton PD, Hughes JT, Sharma SK, Jones GRD, Ellis AG,
et al. Study protocol - accurate assessment of kidney function in Indigenous
Australians: aims and methods of the eGFR Study. BMC Public Health.
2010;10(1):80.
18. Maple-Brown LJ, Hughes JT, Lawton PD, Jones GRD, Ellis AG, Drabsch K,
et al. Accurate assessment of kidney function in indigenous Australians: the
estimated GFR study. Am J Kidney Dis. 2012;60(4):680–2.
19. Tapp RJ, Shaw JE. Albuminuria is evident in the early stages of diabetes
onset: results from the Australian Diabetes, Obesity, and Lifestyle Study
(AusDiab). Am J Kidney Dis. 2004;44(5):792–8.
20. Kleiger RE, Stein PK, Bigger JT. Heart rate variability: measurement and
clinical utility. Ann Noninvasive Electrocardiol. 2005;10(1):88–101.
21. Vázquez-Rodríguez B, Pita-Fernández S, Regueiro-López M, García-Pedreira D,
Carro-Rodriguez MJ, Pérez-Rivas G, et al. Concordance between automatic and
manual recording of blood pressure depending on the absence or presence
of atrial fibrillation. Am J Hypertens. 2010;23(10):1089–94.
22. Cunningham J, O’Dea K, Dunbar T, Weeramanthri T, Shaw J, Zimmet P.
Socioeconomic status and diabetes among urban Indigenous Australians
aged 15–64 years in the DRUID study. Ethn Health. 2008;13(1):23–37.
23. Maple‐Brown LJ, Cunningham J, Celermajer DS, O’Dea K. Increased carotid
intima‐media thickness in remote and urban Indigenous Australians: impact
of diabetes and components of the metabolic syndrome. Clin Endocrinol.
2007;66(3):419–25.
24. Maple-Brown LJ, Cunningham J, Dunne K, Whitbread C, Howard D,
Weeramanthri T, et al. Complications of diabetes in urban Indigenous
Australians: the DRUID study. Diabetes Res Clin Pract. 2008;80(3):455–62.
25. Zoungas S, Ristevski S, Lightfoot P, Liang YL, Branley P, Shiel LM, et al.
Carotid artery intima–medial thickness is increased in chronic renal failure.
Clin Exp Pharmacol Physiol. 2000;27(8):639–41.
26. Mitchell GF, Parise H, Benjamin EJ, Larson MG, Keyes MJ, Vita JA, et al.
Changes in arterial stiffness and wave reflection with advancing age in
healthy men and women: the Framingham Heart Study. Hypertension.
2004;43(6):1239–45.
27. Kolade OO, O’Moore-Sullivan TM, Stowasser M, Coombes JS, Fassett RG,
Marwick TH, et al. Arterial stiffness, central blood pressure and body size in
health and disease. Int J Obes. 2011;36(1):93–9.
28. Diaz A, Bourassa MG, Guertin MC, Tardif JC. Long-term prognostic value of
resting heart rate in patients with suspected or proven coronary artery
disease. Eur Heart J. 2005;26(10):967–74.
29. Jouven X, Empana JP, Schwartz PJ, Desnos M, Courbon D, Ducimetière P.
Heart-rate profile during exercise as a predictor of sudden death. N Engl J
Med. 2005;352(19):1951–8.
30. Marsland AL, Manuck SB, Fazzari TV, Stewart CJ, Rabin BS. Stability of
individual differences in cellular immune responses to acute psychological
stress. Psychosom Med. 1995;57(3):295–8.
31. Goldstein IB, Shapiro D, Chicz-DeMet A, Guthrie D. Ambulatory blood
pressure, heart rate, and neuroendocrine responses in women nurses
during work and off work days. Psychosom Med. 1999;61(3):387–96.
32. Cohen S, Hamrick N, Rodriguez MS, Feldman PJ, Rabin BS, Manuck SB. The
stability of and intercorrelations among cardiovascular, immune, endocrine,
and psychological reactivity. Ann Behav Med. 2000;22(3):171–9.
33. Harte CB, Meston CM. Effects of smoking cessation on heart rate variability
among long-term male smokers. Int J Behav Med. 2014;21(2):302–9.
34. Panzer C, Lauer MS, Brieke A, Blackstone E, Hoogwerf B. Association of
fasting plasma glucose with heart rate recovery in healthy adults: a
population-based study. Diabetes. 2002;51(3):803–7.
35. Shishehbor MH, Hoogwerf BJ, Lauer MS. Association of triglyceride–to–HDL
cholesterol ratio with heart rate recovery. Diabetes Care. 2004;27(4):936–41.
36. McGrath JJ, Matthews KA, Brady SS. Individual versus neighborhood
socioeconomic status and race as predictors of adolescent ambulatory
blood pressure and heart rate. Soc Sci Med. 2006;63(6):1442–53.
37. Matthews KA, Räikkönen K, Everson SA, Flory JD, Marco CA, Owens JF, et al.
Do the daily experiences of healthy men and women vary according to
occupational prestige and work strain? Psychosom Med. 2000;62(3):346–53.
38. Chaix B, Jouven X, Thomas F, Leal C, Billaudeau N, Bean K, et al. Why socially
deprived populations have a faster resting heart rate: Impact of behaviour,
life course anthropometry, and biology–the RECORD Cohort Study. Soc Sci
Med. 2011;73(10):1543–50.
39. Clark R, Anderson NB, Clark VR, Williams DR. Racism as a stressor for African
Americans: a biopsychosocial model. Am Psychol. 1999;54(10):805–16.
40. Rozanski A, Blumenthal JA, Davidson KW, Saab PG, Kubzansky L. The
epidemiology, pathophysiology, and management of psychosocial risk
factors in cardiac practice: the emerging field of behavioral cardiology. J Am
Coll Cardiol. 2005;45(5):637–51.
41. von Känel R. Psychosocial stress and cardiovascular risk - current opinion.
Swiss Med Wkly. 2012;142:w13502.
42. Swan P, Raphael B. Ways forward: national consultancy report on aboriginal
and torres strait islander mental health. Canberra: Australian Government
Publishing Service; 1995.
43. Australian Institute of Health and Welfare. Measuring the social and
emotional wellbeing of Aboriginal and Torres Strait Islander peoples.
Canberra: Australian Institute of Health and Welfare; 2009.
44. Brown A, Scales U, Beever W, Rickards B, Rowley K, O’Dea K. Exploring the
expression of depression and distress in aboriginal men in central Australia:
a qualitative study. BMC Psychiatry. 2012;12(1):97.
45. Commonwealth of Australia. Closing the gap: Prime Minister’s report 2013.
Canberra: Department of Families, Housing, Community Services and
Indigenous Affairs; 2013
46. Brotman DJ, Golden SH, Wittstein IS. The cardiovascular toll of stress. Lancet.
2007;370(9592):1089–100.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Zhang et al. BMC Cardiovascular Disorders  (2016) 16:36 Page 8 of 8
